Investigation on different composition of powder metallurgy electrode (Cu-W) in high performance EDM (HPEDM) on AISI D2 hardened steel by Abdul Hamid, Faizul Ezmat & Wan Yusoff, Wan Zahari
INW3STIGATION ON DEFERENT COMPOSITION OP POWDER 
METALLURGY ELECTRODE (CU-W) IN HIGH PERFORMANCE EDM 
(HPEDM) ON NSI D2 HARDENED STEEL 
FAIZUL EZMAT BIN ABDUL I-IAMID 
The Rendition this Thesis is to Fulfill the Clause of Bestowed Master of Mechanical 
and Manufacturing Engineering . 
Faculty of Mechanical and Manufacturing Engineering 
Universiti Tun Hussein Onn Malaysia 
MAY, 2013 
ABSTRACT 
The ideal selection of manufacturing conditions is one of the most important 
aspects to take into consideration in the majority of manufacturing processes and 
particularly in processes related to Electrical Discharge Machining (EDM). EDM die 
sinking machines are used to machine conductive metals of any hardness or difficult 
to machine with traditional methods. The problem in the capabilities of tool 
electrodes which are not utilized at the optimum Ievels of the operating parameters 
has attracted the attention of researchers and practicing engineers to manufacture tool 
electrodes with highly great performance. In this work, an experimental design was 
conducted to characterize the machining performances and surface integrity of three 
different composition of copper tungsten (CuW) tool electrode in EDM of D2 
hardened steel (58-62 HRC). Machining performances i.e. material removal rate 
(W), tool wear rate (TWR), workpiece surface roughness (Ra) and micro-hardness 
(MH) were studied for the three different composition of CuW tool electrode made 
through powder metallurgy 0 method. Machining variables were peak current 
and pulse duration, meanwhile machining voltage, depth of cut and duty factor were 
kept constant. The 65%W electrode is the best choice of CuW electrode on machining 
D2 hardened steel'due to the highest machining rate, reasonable tool wear rate and 
acceptable surface characteristics. The improvement of MRR is obviously affected 
by the increment of current intensity. MRR increased as the value of peak current 
increased. The increment of pulse duration is not essentially improving MRR. There 
is no clear relation between the alteration of pulse duration and MRR. However, the 
MRR becomes the optimum at an optimal set of variables which is set at 40A and 
400~s.  The results of the machining performance can extent the availability of 
database on EDM machinability and surface characteristics of D2 hardened steel for 
machinist practices in industrial application of roughing operation. 
ABSTRAK 
Pemilihan yang betul bagi penentuan pembuatan adalah salah satu daripada 
aspek paling penting untuk mengambil kira dalam kebanyakan proses pembuatan dan 
terutamanya dalam proses yang berkaitan dengan Mesin Pelepasan Elektrik (EDM). 
Mesin EDM penenggelaman acuan digunakan untuk memesin logarn konduktif bagi 
sebarang kekerasan atau sukar untuk dimesin menggunakan kaedah tradisional. 
Masalah dalam keupayaan alat elektrod yang tidak digunakan pada t&ap operasi 
parameter yang optimum telah menarik perhatian penyelidik dan pengamal jurutera 
untuk mengeluarkan alat elebod yang berprestasi sangat baik. Dalarn penyelidikan 
ini, reka bentuk eksperimen telah dijalankan untuk menciri prestasi pemesinan dan 
perrnukaan integriti tiga komposisi yang berbeza bagi ternbaga tungsten (CuW) alat 
elektrod dalarn EDM keluIi dikeras D2 (58-62 HRC). Prestasi Pemesinan iaitu kadar 
pembuangan bahan (MRR), kadar kehausan alat (TWR), kekerasan permukaan bahan 
kerja (Ra) dan kekerasan-mikro (MH) telah dikaji menggunakan tiga komposisi yang 
berbeza bagi alat elektrod CuW yang dihasilkan melalui kaedah serbuk metalurgi 
(PM). Pembolehubah pemesinan iaitu puncak arus dan tempoh denyutan, manakala 
voltan pemesinan, kedalaman pemotongm dan faktor kerja adalah malar. EIektrod 
65%W adalah pilihan terbaik bagi elektrod CuW untuk memesin keluli dikeras 0 2  
kerana kadar pemesinan tertinggi, kadar rnunasabah kehausan alat dan ciri-ciri 
permukaan yang memuaskan. Peningkatan MRR jelas terjejas oleh kenaikan arus 
intensiti. MRR meningkat apabila nilai arus puncak meningkat. Kenaikan tempoh 
denyutan adalah pada asasnya tidak meningkatkan MEtR. Tidak terdapat hubungan 
yang jelas antara perubahan tempoh denyutan dan MRR. Walau bagaimanapun, 
MRR menjadi optimum di set optimum pembolehubah yang disetkan pada 40A dan 
400ps. Keputusan prestasi pernesinan boleh ditambah dalam pangkalan data bagi 
mesin EDM dan ciri-ciri perrnukaan keluli yang dikeras D2 untuk arnalan pemesin 
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